Abstract. Ramnan spectroscopy is applied for the first time to elucidate the different conformations of the carrier transport molecule, valinomycin. Splitting of the ester and amide carbonyl stretch vibrations is observed in the Raman spectrum of crystals of valinomycin grown from both n-octane and acetone. These observations support the contention that some ester carbonyl groups are intra-
molecularly hydrogen bonded. The Raman spectruJn of valinomycin grown fron o-dichlorobenzene does not display this feature.
Valinomycin, a cyclic depsipeptide, has been extensively studied because of its ion-selective carrier properties in biological and artificial membranes (1, 2) . Elucidating the conformations of valinomycin in well-defined media is an essential preliminary to understanding the detailed mechanism of selective transport of K+ (or Rb+) across membranes of the lipid bilayer type.
The primary structural unit of valinomycin consists of L-valine, D-hydroxyisovaleric acid, D-valine, and L-lactic acid, linked alternately by peptide and ester bonds; this unit is repeated three times ( Fig. la) (2) .
A direct determination by x-ray scattering of the three-dimensional structure of an uncomplexed valinomycin crystal grown from n-octane has been reported by Duax et al. (3) (Fig. Ib) . One outstanding feature of this model is the intramolecular hydrogen bonding of two out of the six ester carbonyl groups in the molecule, a feature which suggests a particularly plausible mechanism for the complexing of ions by valinomycin (3) . However, studies of valinomycin in different solvents have not revealed evidence for such a feature (4) (5) (6) , although the interpretation of these studies has been questioned (3, 5) .
We report here the first application Figure 2 shows the Raman spectra in the region 1400 to 1800 cm-' for valinomycin crystals and powder grown in n-octane. The spectra display peaks at virtually identical frequencies, although in the crystalline samples (Fig.  2 , curves a and b) the Raman intensities are dependent on polarization. Such data are introduced here only to emphasize the need for caution in analyzing intensity information. The doublet near 1460 cm-', due to methyl group deformations, is observed in valine and poly-L-valine (9, 10) . It is used as an internal reference.
The region 1600 to 1700 cm-1 is characteristic of the C=O stretch vibration (the amide I vibration) ( (-NH-CH-C-)n has a single strong peak near 1666 cm-' (9, 10). The appearance of two distinctly resolved peaks in the amide I region of valinomycin suggests the existence of two kinds of amide carbonyl groups (presumably hydrogen bonded and free). It has long been known that the infrared amide I vibration frequencies are shifted downward by hydrogen bonding to the C=O groups (12) , and such effects have also been observed in the Raman spectra of several proteins (9) . Both hydrogen bonded and free amide groups are found in the model The split doublet at 1742 and 1767 [Courtesy of Duax et (10) .
Raman spectra in the region 1400 to 1800 cm-1 of valinomycin grown from o-dichlorobenzene and acetone are shown in Fig. 3 , curves a and b; the spectrum of valinomycin grown from octane (Fig. 3, curve c) in relative intensity, whereas in other crystal orientations the amide I doublet is barely resolved (Fig. 3, inset) 
